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This application claims the benefit of Korean Patent Application No. 97-9786, filed 
on March 21, 1997, which is hereby incorporated by reference. Also, this application is 



related to a commonly assigned copending application number. 



filed on December 31, 1997 entitled "METHOD OF FABRICATING A SUBSTRATE," 
which is also incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to an etching apparatus, and more particularly, to an 
etching apparatus for manufacture of a liquid crystal display (LCD). 
DESCRIPTION OF TH E RELA TED ART 

An LCD uses a liquid crystal screen formed by coupling a first glass substrate 
having display or switching elements and a second glass substrate having color filters. In 
order to form such elements on the first glass substrate, metal layers, insulating films, and 
amorphous silicon layers are deposited on the first glass substrate and are patterned several 
times. The majority of LCD panels utilize a glass substrate since the glass substrate is 
transparent, can be processed at a temperature of up to about 400 a C, and easily available. 
However, the glass substrate has a high density and is fragile. In the course of processes 
described above, the glass substrate is exposed to temperatures that vary from room 
temperature to 300 °C, and accordingly, it may be damaged due to resultant physical 
and/or thermal stresses. 

LCDs should be formed as thin and light as possible, but factors such as described 
above, limit the thinning of the glass substrate (currently, it is possible to reduce the 
thickness of a single glass substrate down to 0.7 mm, for example). Further, since the 
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thinning of the glass substrate is more limited as the size of the glass substrate increases, 
it is very important to solve the problem in view of the current trend of increasing the size 
of the glass substrate (at present, the size is increased from 300 by 400 mm to 370 by 470 
mm, and further, to 550 by 650 mm). 

Recently, an alternative approach has been proposed for solving this problem. A 
thick glass substrate is used at the beginning of the process in order to prevent the 
substrate from breaking, and then the thick glass substrate is thinned at a later stage. That 
is, after upper and lower glass substrates are prepared by forming, for example, switching 
elements and color filters on the respective glass substrates and then sealed to each other, 
the resultant panel is thinned by removing portions of the outer surfaces of the substrate. 
Since the above process sequence can decrease the breakage rate of the glass substrates 
and the defect ratio of the elements, it is possible to improve the production yield of 
LCDs. 

Two methods are available to thin the glass substrate: a method using polishing 
powder for physically grinding the substrate and a method using acid solutions for etching 
the substrate. 

An etching apparatus for wet etching includes a loader for loading a cassette, in 
which multiple sealed panels are vertically inserted in the slots therein in order to facilitate 
transfer of the panel, and an etch bath for use in the etching process of the sealed 
substrates using an etchant after moving the cassette from the loader to the etch bath. The 
etching apparatus further has a rinse bath for use in the cleaning process of the substrate 
after moving the etch-processed cassette from the etch bath to the rinse bath, a dry bath 
for use in the drying process of the substrate after moving the cleaned cassette from the 
rinse bath to the dry bath, and an unloader for use in unloading the dried cassette from the 
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dry bath to a site for conveying the substrates to other process apparatus. In the etch 
apparatus, the transfer of the cassette is automatically performed by an automatic 
conveying system. 

FIG. 1 illustrates a conventional etching apparatus, which shows only an etch bath 
and parts directly related to the wet etching process of the substrate. 

In the conventional etch apparatus as shown in Fig. 1, the etch bath 20 has an 
inner space in which a cassette can be positioned, and is connected to an etchant diluting 
tank 12 for supplying an etchant via an etchant inlet pipe 21. A bubble generating plate 
27, which generates nitrogen bubbles for uniformly stirring the etchant, is installed at the 
bottom of the etch bath 20 and connected to a nitrogen supply line 52 via a nitrogen inlet 
pipe 22. 

An HF supply barrel 1 1 for supplying undiluted HF solution as the etchant is 
connected to the etchant diluting tank 12 via an undiluted HF inlet pipe 16. Distilled 
water (D. I. water) supply line 51 is also connected to the etchant diluting tank 12 via a 
pure water inlet pipe 17. 

The outlet pipe 19 of the etchant diluting tank 12 and the outlet pipe 2 of the etch 
bath 20 are connected to a discharging line 53 for disposing. On/off valves VI, V2, V3, 
V4, and V5 are installed on the respective inlet pipes and outlet pipes, so that the flow of 
the fluid including the D. I. water and the etchant can be controlled. A concentration 
measuring unit 15 is provided for measuring the concentration of the etchant in the 
etchant diluting tank 12. 

The etching process using the conventional etching apparatus above will be 
explained. First, a cassette is positioned on the loader (not shown). The valve VI on the 
undiluted HF solution inlet pipe 22 is opened and then a pump PI is activated, so that the 
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undiluted HF solution in the HF solution barrel 1 1 is supplied to the etchant diluting tank 
12. At the same time, the valve V3 in the D.L water inlet pipe 17 is opened to supply the 
D. I. water in the D. I. water supply line 51 to the etchant diluting tank 12. As a result, 
the undiluted HF solution is diluted with the D. I. water. At this time, the etchant of a 
predetermined concentration is prepared by controlling the amounts of both HF solution 
and D. I. water. The concentration of the etchant prepared is measured by the 
concentration measuring unit 15 in the etchant diluting tank 12. 

When the preparation of the etchant is completed, the supply of the HF solution 
and D. L water is stopped, and the valve V2 on the etchant inlet pipe 21 is opened. Then, 
a pump P2 is activated to fill the etch bath 20 with the etchant. Thereafter, the cassette on 
the loader is dipped into the etch bath 20 to start the wet etch process of the glass 
substrates in the cassette. At this time, nitrogen gas is supplied into the etch bath 20 via 
the bubble generating plate 27 to enhance the etch process. The nitrogen gas is supplied 
through the bubble generating plate 27 to generate bubbles in the etchant and stir the 
etchant. The nitrogen gas is continuously supplied to the etchant through the nitrogen 
inlet pipe 22 connected to the nitrogen supply line 52 so that the stirring of the etchant 
can be continued throughout the etch process. When the time period set at the etching 
apparatus for etching the glass substrates is lapsed, the etching process of the glass 
substrates is stopped. The time period for etching the glass substrates is adjusted in 
accordance with the concentration of the etchant and the thickness of the glass substrate. 

Next, another cassette (not shown), in which the glass substrates are loaded in the 
slots thereof, is moved into the etch bath, and the same process is performed. Thereafter, 
the subsequent etching step is performed. The residual etchant used in each etching 
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time according to the HF concentration. However, it is difficult to measure the HF 
concentration periodically and correctly. Furthermore, since the conventional etching 
apparatus cannot be used to etch a large number of glass substrates consistently, it cannot 
be used for mass production. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to an etching apparatus that 
substantially obviates the problems due to limitations and disadvantages of the related art. 

An object of the present invention is to provide an etching apparatus in which the 
etching solution in the residual etchant is not entirely discharged and most of the etching 
solution is recycled. 

Another object of the invention is to provide an etching apparatus that can 
automatically determine the end point of the etching. 

Additional features and advantages of the invention will be set forth in the 
description that follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the invention 
will be realized and attained by the structure particularly pointed out in the written 
description and claims hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described, the present invention provides an 
etching apparatus for etching a substrate including a first tank including a first etchant; an 
etch bath connected to the first tank and receiving the first etchant, the etch bath 
containing a residual etchant including a diluted etchant and residue material after the 
substrate is etched with the first etchant; a second tank receiving the residual etchant from 
the etch bath and separating the diluted etchant from the residue material; a connecting 
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passage connecting the first and second tanks for transferring the separated diluted etchant 
from the second tank to the first tank; and an outlet pipe attached to the second tank for 
discharging the residue material. 

In another aspect, the present invention provides an etching apparatus for etching a 
substrate with an etchant, including an etch bath adapted to receive the substrate into the 
etchant for etching the substrate; a temperature sensor installed in the etch bath for 
monitoring a temperature of the etchant while the substrate is etched in the etch bath; and 
a control unit for receiving a signal indicating the temperature of the etchant from the 
temperature sensor and transmitting an etching termination signal to the etch bath when 
the temperature reaches a predetermined temperature. 

In another aspect, the present invention provides an etching apparatus for etching a 
substrate including a first tank including a first etchant; an etch bath connected to the first 
tank for receiving the first etchant and adapted to etch the substrate with the first etchant, 
the etch both producing a residual etchant including a diluted etchant and residue material 
as a result of etching the substrate; a separation tank adapted to receive the residual 
etchant from the etch bath for separating the diluted etchant from the residue material, the 
separation tank transferring the separated diluted etchant to the first tank; a rinse bath for 
cleaning the substrate that is etched in the etch bath; a dry bath for drying the substrate 
that is rinsed at the rinse bath; a solvent supply source for supplying solvent water to the 
first tank; an etching solution source for supplying an etching solution to the first tank; 
and a control unit for controlling the etch bath, the rinse bath, the dry bath, the first tank, 
and the separation tank. 

In another aspect, the present invention provides an etching apparatus including a 
first tank for manufacturing an etchant; an etch bath supplied with the etchant from the 
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first tank for performing an etching process; a second tank supplied with the residual 
etchant comprising residues resulting from the etching process from the etch bath for 
separating the residual etchant into the etchant of low concentration and the residues; a 
connecting pipe connected with the first and second tanks for conveying the etchant of 
low concentration from the second tank to the first tank; and a discharging pipe installed 
in the second tank for discharging the separated residues. 

In a further aspect, the present invention provides the etching apparatus including 
an etch bath for performing an etching process of substrates dipped into an etchant; an 
temperature sensor installed in the etch bath for measuring a first temperature of the 
etchant during the etching process; and a central control unit for reading the first 
temperature from the temperature sensor, comparing the first temperature with the 
second temperature preset and transmit a signal to the etch bath to stop the etching 
process if the first temperature matches with the second temperature. 

It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to provide a further understanding 
of the invention and are incorporated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the description serve to explain the 
principles of the invention. 

In the drawings: 

FIG. 1 is a schematic view illustrating a conventional etching apparatus; 
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FIG. 2 is a schematic view illustrating an etching apparatus according to a 
preferred embodiment of the present invention; and 

FIG. 3 is a flowchart showing the sequence of the processes which is performed in 
an etching apparatus according to a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. 

FIG. 2 shows the schematic constitution of an etching apparatus according to a 
preferred embodiment of the present invention. In the etching apparatus shown in FIG. 2, 
an etch bath 20, a rinse bath 30, and a dry bath 40 are installed, and an oxide separating 
tank 13 and an etchant diluting tank 12 are connected to the etch bath 20. Each of the 
etch bath 20, the rinse bath 30, the dry bath 40, the oxide separating tank 13, and the 
etchant diluting tank 12 is preferably formed of a teflon resin, for example, which is 
durable against acid solutions. Each of them is connected to a central control unit so that 
they can be automatically operated. 

The etch bath 20 for performing the etching process of the substrates has a receptor 
(not shown in figure) for receiving a cassette having slots in which substrates such as 
sealed glass panels are inserted. A bubble generating plate 27 for generating nitrogen 
bubbles is installed at the bottom of the etch bath 20 and is connected to a first nitrogen 
inlet pipe 22 connected to a nitrogen supply line 52. A temperature sensor 60, which is 
connected to the central control unit and measures the temperature of the etchant, is 
installed in the etch bath 20. The central control unit receives data from the temperature 
sensor 60 to monitor the temperature change during the etching process and determine the 
etching end point of the etching process. 
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The etch bath 20 is connected to the etchant diluting tank 12 via an etchant inlet 
pipe 21 and to an oxide separating tank 13 via an etchant outlet pipe 23. The etchant 
diluting tank 12 and the oxide separating tank 13 are connected to each other via a 
connecting pipe 17 provided with a pump P3 for transferring the etchant from the oxide 
separating tank 13 to the etchant diluting tank 12. The etchant diluting tank 12 is 
connected to an undiluted HF solution tank 11 via an undiluted HF solution inlet pipe 16 
and to a D.I. water supply line 51 via a first D.L water inlet pipe 14. The outlet pipe 19 
of the etchant diluting tank 12 and the outlet pipe 18 of the oxide separating tank 13 are 
respectively connected to a discharging line 53. 

The rinse bath 30 is provided for rinsing the substrates that are wet -etched and has 
a receptor for receiving a cassette (not shown in the figure). A bubble generating plate 37 
for generating nitrogen bubbles used for the circulation of the etchant is installed at the 
bottom of the rinse bath 30 and connected to a nitrogen supply line 52 via a second 
nitrogen inlet pipe 32. The D.L water supply line 51 is connected to the rinse bath 30 via 
a second D.I. water inlet pipe 34. A discharging pipe 39 for discharging the etchant used 
in the etching process is also connected to the rinse bath 30. The discharging pipe 39 of 
the rinse bath 30 is connected to the discharging line 53 to discharge the etchant. 

The dry bath 40, which is used to dry the sealed substrates after the etching and 
rinsing processes, has a receptor for receiving the cassette. A heater 48 for supplying heat 
to dry the cassette is installed at the sides of the dry bath 40. An IPA (isopropyl alcohol) 
supply line 45 for supplying the IPA used in the dry process is connected to the dry bath 
40. On/off valves VI through V 10 are installed on the respective inlet pipes and outlet 
pipes to control the flows of fluids. A concentration measuring unit 15 is provided for 
measuring the concentration of the etchant in the etchant diluting tank 12. 
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Now, the operation of the present embodiment will be explained. As briefly 
discussed in the Related Art section above, Si0 2 in the glass substrates (60% of the glass 
substrate, for example) is dissolved by the HF solution in the etch bath and the rest of 
oxides in the glass substrate are melted into the etchant in the form of particles. As a 
result, the thickness of the glass substrate is reduced. HF and Si0 2 react as follows: 

Si0 2 + 4HF - SiF 4 1 + 2H 2 0 + (generated reaction heat) 
This is an exothermic reaction which predominantly occurs in the wet etch process of 
glass material in the HF solution. In general, the reaction energy of a chemical reaction is 
proportional to the mole number of the compounds involved in the reaction. Therefore, if 
a sufficient amount of the HF solution is provided, the number of the mole of the Si0 2 is 
proportional to the reaction energy Q. As a result, the total reaction energy in the wet 
etch process of the glass substrate can be used as a reference, from which the etched 
amount of Si0 2 in the glass substrate can be determined. 

The above concept is applied to the etching process performed in the etching 
apparatus of the present invention, as follows. 

The temperature of the etchant is affected by the reaction energy because the 
temperature of the etchant can be represented by, 

Q (Reaction Energy) = m (Mass of Etchant) x C (Heat Capacity of Etchant) x At 
(Change in the temperature of the etchant). 

Since the values of m and C do not fluctuate substantially during etching for a 
given initial condition, only the reaction energy generated from the etching reaction 
changes the temperature of the etchant. Thus, if the change in the temperature of the 
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concentration of the etchant. Typically, the concentration of HF in the prepared etchant is 
about 5 to 30% and the undiluted HF solution has a concentration of about 40 to 60%. 
The concentration of HF in the prepared etchant is measured by the concentration 
measuring unit 15 in the etchant diluting tank 12. Then, the valve V9 installed on the 
second D.I. water inlet pipe 34 of the rinse bath 30 is opened to fill the rinse bath 30 with 
the D.I. water in the DJ. water supply line 51 for preparing the etching process. 
Thereafter, the heater 48 installed in the dry bath 40 generates heat energy and the IPA is 
introduced in the dry bath 40 to set up a drying condition. 

When the preparation of the etchant is completed, the supply of the HF solution 
and D.I. water is stopped and the valve V2 on the etchant inlet pipe 21 is opened. 
Subsequently, a pump P2 is activated to fill the etch bath 20 with the etchant. The 
cassette on the loader is then dipped into the etch bath 20 to start the wet etch process of 
the glass substrates loaded in the cassette. 

During this etching process, a nitrogen gas is supplied to the bubble generating 
plate 27 in order to enhance the etch process. The nitrogen gas supplied through the 
bubble generating plate 27 generates bubbles to stir the etchant. The nitrogen gas is 
continuously supplied into the etchant through the first nitrogen inlet pipe 22 by opening 
the valve V4 installed on the nitrogen supply line 52 so that the stirring of the etchant can 
continue throughout the etch process. Therefore, the bubbles are continuously generated 
in the etchant, and the circulation of the etchant is established. Accordingly, the etch 
process of the substrate is enhanced. Moreover, since the circulation of the etchant 
continuously removes the residual oxides on the surface of the glass substrate resulting 
from the wet etch process, the uniformity of the surface of the resultant substrates can be 
improved. 
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In the wet etch process, the etchant (the HF solution) and Si0 2 react with each 
other and the reaction energy is generated. Thus, the temperature of the etchant in the 
etch bath 20 increased. The temperature of the etchant is measured (or monitored) by the 
temperature sensor 60 in the etch bath 20. The temperature data obtained by the sensor 
60 is constantly transmitted to the central control unit. Since the temperature of the 
etchant is raised according to the increase in the reaction energy generated by the etch 
process of the substrates, the temperature corresponds to the decrease in the thickness of 
the substrates: i.e., the increase in the etch thickness of the substrates. When the 
temperature of the etchant reaches the predetermined etching end point temperature, the 
central control unit transmits a signal to the etch bath 20 to terminate the etch process. 

If substrates having the same material properties (such as glass substrates used in 
LCDs which have uniform thickness) are dipped into the etchant (HF solution) and the 
expected temperature changes during the etching process resulting from the material 
properties are predetermined as described above, the uniform etching process is achieved 
without directly monitoring or controlling the concentration of the HF solution. Moreover, 
the energy generated by the etch process for removal of a unit thickness of the substrate 
can be derived (which depends on the size and constitution of the glass substrate). 
Accordingly, the thickness of the substrate can be easily controlled even if the number of 
the substrates to be etched is varied. 

When the etch process is completed, the etched glass substrates is conveyed to the 
rinse bath 30, and a rinse process is performed to clean the substrates. In the rinse 
process, the etchant and residues attached to the substrates are removed from the 
substrates using a spray and/or ultrasonic unit. 



WA01A/H2048.1 



15 



At the same time, the valve V6 on the outlet pipe 23 of the etch bath 20 is opened 
and the residual etchant in the etch bath 20 is discharged into the oxide separating tank 
13. By leaving the etchant in the oxide separating tank 13 for about 30 minutes, oxide 
particles in the residual etchant is separated from the remaining HF solution of low 
concentration and precipitated in the lower portion of the tank 13. Then, the pump P3 is 
activated to transport the HF solution of low concentration in the upper portion of the 
oxide separating tank 13 to the etchant diluting tank 12 through the connecting pipe 17. 
Subsequently, the valve V 10 in the oxide separating tank 13 is opened, and the oxide 
particles in the lower portion of the oxide separating tank 13 are discharged into the 
discharging line 53 through the outlet pipe 18. Here, if the bottom portion of the oxide 
separating tank 13 has a cone or pyramid shape, the discharge of the oxide particles is 
facilitated. 

In order to reuse the HF solution of low concentration that is transported from the 
oxide separating tank 13 to the etchant diluting tank 12 as an etchant, the undiluted HF 
solution and D.I water are properly mixed with the HF solution of low concentration so 
that the etchant of a predetermined concentration can be obtained. When the etchant of 
the predetermined concentration is obtained, it is supplied to the etch bath 20 to fill the 
etch bath 20. A new set of cassettes are loaded in the etch bath 20, and a second wet etch 
process is started using the recycled etchant. 

Meanwhile, the cassette that has been processed in the rinse bath 30 is conveyed to 
the dry bath 40 and a dry process is performed. The residual etchant removed from the 
substrates in the rinse process is discharged into the discharging line 53 through outlet line 
39. Here, since the etchant discharged has the same volume as that in the rinse bath, the 
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discharge of the etchant from the rinse bath 40 through the discharging line 53 facilitates 
the discharge of the oxide particles from the oxide separating tank 13. 

When the dry process is completed, the cassette is transferred from the dry bath to 
the unloader (not shown in the figure) and separated from the unloader. 

As discussed above, a series of processes including etching, rinsing, and drying 
operations are sequentially performed, and the valves and pumps installed on the 
respective inlet pipes, outlet pipes, and connecting pipes are automatically operated. 

According to the present invention, the etching solution in the residual etchant is 
not entirely discharged and most of the etching solution is collected for reuse (recycled), 
by providing a device for purifying the residual etchant used in the etching process. Thus, 
the consumption of the undiluted etching solution used in composing the etchant can be 
considerably reduced. Furthermore, by finding the etching end point in terms of a 
temperature change in the etchant, it becomes possible to uniformly and consistently etch 
the glass substrates regardless of the concentration of the etchant. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made in the etching apparatus of the present invention without departing 
from the spirit or scope of the invention. Thus, it is intended that the present invention 
cover the modifications and variations of this invention provided they come within the 
scope of the appended claims and their equivalents. 
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